In the present survey, the historical data for spontaneous tumors observed in our laboratory was compared in relation to the time-related changes between recent (2000)(2001)(2002)(2003)(2004) and past (1990-1999) samples from Fischer 344 rats used in carcinogenicity studies. In the recent samples, there were statistically increased incidences of islet cell adenomas in males and uterine adenocarcinomas in females. On the other hand, there were decreased incidences of pheochromocytomas, prostatic adenomas, pituitary anterior adenomas, large granular lymphocytic (LGL) leukemias and Leydig cell tumors in males and pituitary anterior adenomas in females. Furthermore, there were decreases in the body weights of both sexes at 58 weeks of age in the recent samples, and this may have been related to the decreases in the incidences of pheochromocytomas, Leydig cell tumors, prostatic adenomas and LGL leukemias. Moreover, the decreased incidence of pheochromocytoma in males revealed a positive correlation with a decreased percentage of severe chronic progressive nephropathy (CPN). On the other hand, there were no distinct factors responsible for increased incidences of tumors observed in the recent samples, suggesting a possible genetic drift. In conclusion, the incidences of spontaneous tumors obtained in our laboratory have been changed with time. Smaller body weights in both sexes and reduction in the number of male cases with severe CPN might be related to the reduced incidence of certain types of tumors in recent animals. (J Toxicol Pathol 2008; 21: 53-60) 
Introduction
It is important to maintain the validity of historical control data for assessment of toxicities, especially carcinogenicity. In carcinogenicity studies, Peto's test 1,2 is commonly employed as one of the tools of statistical analysis for evaluation of the carcinogenicity of test chemicals; prior to analysis, the types of tumors observed must be categorized into common and rare tumors based on historical control data.
Tennekes et al. 3, 4 surveyed the stability of historical control data for common tumors in various strains of rats and d e m o n s t r a t e d t h a t s k i n f i b r o m a s a n d m a l i g n a n t pheochromocytomas exhibited negative time trends, while benign pheochromocytomas and pancreatic islet cell adenomas exhibited positive time trends in male Fischer 344 rats.
Various factors, including diet [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , body weight [16] [17] [18] [19] [20] [21] , housing 22, 23 and certain kinds of morbidity such as chronic progressive nephropathy (CPN) 24 , influence the occurrence of tumors. Nyska et al. 24 suggested that there may be a positive correlation between the severity of CPN and the incidence of pheochromocytomas in Fischer 344 rats. In addition, a number of investigators have reported an association between tumor incidence and body weight in rodents [16] [17] [18] [19] [20] [21] . Namely, Haseman et al. 16 demonstrated an association between body weight during a 52-week study period and the incidences of mammary gland and pituitary tumors in rats and the incidences of liver tumors in mice. They also mentioned that there was a negative correlation between the incidences of Leydig cell tumors and pituitary tumors in male Fischer 344 rats. Moreover, Seilkop et al. 19 reported that there was a positive relationship between body weight and the risk of pituitary and mammary gland tumors in rats. Nyska et al. 23 studied the effect of caging on spontaneous tumor occurrence and suggested that individual caging might promote pituitary and Leydig cell tumors due to stress-induced hormonal imbalances.
In the present study, to evaluate the difference in historical control data for spontaneous tumors between past and recent samples from Fischer 344 rats in our laboratory, the tumor incidence data form recent studies (2000) (2001) (2002) (2003) (2004) were compared with those of past studies (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . Moreover, the factors that appear to influence spontaneous tumor occurrence were analyzed.
Materials and Methods

Animals
A total of 1148 male and 1148 female F344/DuCrlCrlj strain rats (Charles River Japan Inc., Atsugi, Kanagawa, J a p a n ) o b t a i n e d f r o m t h e c o n t r o l g r o u p s o f 1 4 carcinogenicity studies and 2 background data-collection studies were examined (Table 1) . Except for the background data-collection studies, each study had one or two control groups. All studies were conducted in our laboratory between 1990 and 2004. These studies were divided into two groups; the recent data group composed of 5 studies (a total of 275 males and 275 females) from between 2000 and 2004 and the past data group composed of 11 studies (a total of 873 males and 873 females) from between 1990 and 1999. The animals were housed individually in bracket-type stainless-steel wire mesh cages and were maintained in barrier-sustained rooms at 23 ± 3°C, at a relative humidity of 50 ± 20%, with air ventilation 10 to15 times per hour and with artificial lighting for 12 hours per day. The animals were allowed free access to CRF-1 diet (Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water.
Each study was carried out in accordance with the Guide for Animal Experimentation of Bozo Research Center Inc.
Histopathology data analysis
Prior to the present analysis, all neoplastic and preneoplastic lesions were reviewed by one pathologist in order to ensure consistency of the diagnostic criteria. Tumors showing incidences of more than 5% in either the recent or past historical control data or both were analyzed. The tumors analyzed included prostatic adenomas, Leydig c e l l t u m o r s , p i t u i t a r y a n t e r i o r a d e n o m a s , pheochromocytomas, large granular lymphocyte (LGL) leukemias, hepatocellular adenomas, islet cell adenomas, skin fibromas and C cell adenomas in males (Table 2 ) and u t e r i n e e n d o m e t r i a l s t r o m a l p o l y p s , u t e r i n e adenocarcinomas, pituitary anterior adenomas, mammary fibroadenomas, LGL leukemias and C cell adenomas in females ( Table 3 ). The incidences of these tumors were examined in relation to body weight at 58 weeks of age. Moreover, to examine the potential association between the incidence of pheochromocytoma and severity of the CPN, the male animals were divided into two groups: a group with no or mild CPN and a group with moderate or severe CPN.
Statistical analysis
The incidences of neoplastic lesions were analyzed by Fisher's exact probability test. After estimation of the survival curves by the Kaplan-Meier method, the difference in the survival rates between the data for the recent and past historical samples were compared using log-rank test (level of significance: 5% in a one-tailed level). Food consumption was analyzed by the Aspin-Welch t-test for heterogeneity of variance between the data for the recent and past historical samples. Body weight was analyzed by Bartlett's test for homogeneity of variance between the data for the recent and past historical samples. If the variances were homogeneous 16 , was employed to calculate the tumor incidence for animals falling into selected 58 week-old body weight categories using all animals from the recent and past data groups. The weight ranges used are summarized in Table 4 . Application of the moving average approach allowed smoothing of the data and simple graphical representation of the observed relationship between the tumor incidence and body weight.
Results
Changes in tumor frequency with time
There were significant negative time trends for prostatic adenomas (from 16.8% to 10.6%, P<0.01), Leydig cell tumors (from 92.9% to 85.5%, P<0.01), pituitary anterior adenomas (from 28.0% to 20.0%, P<0.01), adrenal pheochromocytomas (from 15.5% to 7.3%, P<0.01) and
LGL leukemias (from 19.1% to 13.1%, P<0.05) in males ( Table 2 ) and pituitary anterior adenomas (from 37.5% to 29.9%, P<0.05) in females (Table 3 ). On the other hand, there were significantly positive time trends for pancreatic islet cell adenomas (from 10.5% to 17.1%, P<0.01) in males ( Table 2 ) and uterine adenocarcinomas (from 3.3% to 12.0%, P<0.01) in females (Table 3) .
Changes in body weight with time
The body weight data for the recent and past data groups are shown in Fig. 1A . The average body weight of the recent group was significantly lower than that of the past group.
Food consumption
The food consumption of the recent and past data groups is shown in Fig. 1B . The food consumption of the recent study group was significantly lower than that of the past one.
Survival rate
The survival rates of the recent and past groups are shown in Table 1 .
There was no significant difference in survival rate between the past and recent study groups (Table 1) .
Tumor incidence and body weight at 58 weeks of age
The incidences of Leydig cell tumors in males ( Fig. 2A ) and pituitary anterior adenomas in females (Fig. 3A) decreased in parallel with a decrease in body weight at 58 weeks of age. Similarly, the incidences of prostatic adenomas (Fig. 2B ), pituitary anterior adenomas (Fig. 2C ), adrenal pheochromocytomas ( Fig. 2D ) and LGL leukemias ( Fig. 2E ) in males decreased in parallel with a decrease in body weight at 58 weeks of age. Also, the recent groups exhibited decreases in the incidences of these tumors (Tables 2 a n d 3 ) . I n c o n t r a s t , t h e i n c i d e n c e o f u t e r i n e adenocarcinomas in females (Fig. 3B ) increased with a decrease of body weight at 58 weeks of age, indicating an increase in the incidence of this tumor in the recent data (Table 3 ). In regard to islet cell tumor in males (Fig. 2F) , there was no association between its incidence and body weight at 58 weeks of age.
Change in the severity of CPN
In the recent group of animals, both the overall incidence of CPN and the ratio of cases with a moderate or severe degree of CPN exhibited decreases compared with the past group (Table 5 ).
Incidence of pheochromocytoma and severity of CPN
The incidence of pheochromocytoma in the cases with moderate or severe CPN was higher than that in the cases with no or mild CPN (25.0% for moderate or severe CPN and 13.1% for no or mild CPN, P<0.001; Table 6 ).
Discussion
In order to enable accurate assessment of the toxicity and carcinogenicity of chemicals, historical control data should be updated regularly because spontaneous lesions change over time. The present survey of long-term studies using Fischer 344 rats in our laboratory revealed that the incidences of islet cell adenomas in males and uterine adenocarcinomas in females increased, while those of prostatic adenomas, Leydig cell tumors, pituitary anterior adenomas, adrenal pheochromocytomas and LGL leukemias in males and pituitary anterior adenomas in females decreased in the recent group of animals as compared with those in the past group.
Tumor generation is influenced by various factors, including diet [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] (nutrient composition, caloric intake and a): The number of animals per weight range category typically varied from 50 to 250 for male rats and from 40 to 160 for female rats; the total number of weight range categories was 123 for male rats and 53 for female rats. food intake), body weight [16] [17] [18] [19] [20] [21] , housing 22, 23 and certain kinds of morbidity such as CPN 24 . In regard to the studies included in the present survey, there were no differences in diet composition or housing conditions. However, the food consumption of the recent group was lower than that of the past group in the present survey, and this difference may have had an effect on the lower body weights in the recent d a t a .
In relation to humans, Doll et al. 25 reported that the adult body weight is correlated with development of colorectal, lung, endometrial, cervical, breast and gallbladder cancers. In relation to animals, Haseman et al. 16 demonstrated that increased body weight during a 52-week study period is associated with increased incidences of pituitary and mammary gland tumors in Fischer 344 rats, and Rao et al. 17, 18 reported that there are highly positive correlations between the incidences of mammary tumors in females and pituitary tumors in males and body weight. In the present survey, body weight decreased in the recent data compared with the past data. Judging from the results analyzed by the moving average method using body weight at 58 weeks of age as a variable, decreased body weight in the recent group appeared to be related to decreased incidences of adrenal pheochromocytomas, Leydig cell tumors, prostatic adenomas and LGL leukemias in males and pituitary anterior adenomas in females.
O n t h e o th e r h a n d , th e i n c i d e n c e of u te r i ne adenocarcinomas significantly increased in the recent group animals, although we could not identify any reasonable explanations for this observation at present. Nyska et al. 26 reported that the incidence of spontaneously occurring uterine endometrial adenocarcinomas observed in their laboratory increased compared with those of their previous study, which was conducted under similar conditions, and NTP background data. They found no association between the incidence of uterine adenocarcinomas and the presence of pituitary neoplasms, mammary neoplasms, uterine endometrial hyperplasias and uterine inflammations. Similarly, in our present survey, there was no association between the incidence of adenocarcinomas and the presence of other lesions in females (data not shown). CPN, a common age-related lesion in male rats, is known to exert secondary effects on tumorigenesis. Nyska et al. 24 suggested the possibility that the severity of CPN is positively correlated with the rate of production of pheochromocytoma in male Fischer 344 rats, although this is somewhat controversial among researchers. In animals with severe CPN, calcium/phosphorous homeostasis is severely disturbed. This provokes a secondary hyperparathyroidism, leading to an increase in the serum Ca 2+ level 27 . It has been suggested that this perturbation of calcium homeostasis stimulates chromaffin cell proliferation and leads to induction of adrenal medullary tumors [28] [29] [30] . Kurokawa et al. 31 reported an association between hypercalcemia and increased incidence of pheochromocytoma in rats. The present results also confirmed that there was a clear correlation between the severity of CPN and the incidence of pheochromocytoma.
The present study demonstrated that the historical control data for spontaneous tumors in Fischer 344 rats in our laboratory has changed with time. The decreased incidences of tumors in the recent data seems to be, in part, related to decreases in both body weight and the severity of CPN. In contrast, there were no relevant factors responsible for tumors for which the incidences increased. Tennekes et al. 3 suggested that changes in the incidences of tumors might be caused by genetic drift, although genetic changes are rare in inbred Fischer 344 rats, which we used in the present survey, compared with outbred Wistar and Sprague-Dawley rats. 
